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Description 

The present invention relates to a process in the production of hydrogen peroxide by alternate reduction 
and oxidation of alkylated anthraquinones, where anthraquinone solution and hydrogen gas are supplied to a 
5 reactor in such a manner that a so-called plug flow is obtained. 

As a rule, hydrogen peroxide is produced by the so-called anthraquinone process by alternate reduction 
and oxidation of alkylated anthraquinones dissolved in suitable organic solvents. The solution of anthraqui- 
nones, the so-called working solution, is first treated with hydrogen gas in the presence of a catalyst in the 
so-called hydrogenation step. Then the working solution is conducted to the so-called oxidation step in which 
10 it is contacted with air or oxygen-containing gas to form hydrogen peroxide. One example of a reaction scheme 
for these hydrogenation and oxidation steps is 


O OH O 


15 



R = alkyt, e.g. C 2 H 5 

The hydrogen peroxide containing working solution is then usually conducted to a so-called extraction step 
25 in which the hydrogen peroxide is removed from the working solution by extraction with water, whereupon 
the working solution is recycled to the hydrogenation step for a further cycle of the above-mentioned reaction 
steps. 

The hydrogenation is an important step of this continuous process, and a number of difficulties are here 
encountered. During hydrogenation there are high demands for a high and uniform productivity, but also for 
30 the selectivity of the reaction to avoid secondary reactions that may prevent or aggravate the formation of 
hydrogen peroxide. The selectivity depends on a number of factors, among them the reaction degree of the 
anthraquinones, the hydrogenation temperature, the hydrogen gas pressure, the catalyst, and the flow con- 
ditions in the catalyst. 

A common technique is hydrogenation with the catalyst in suspended form, whereby a good contact be- 
35 tween the three reacting phases and thus high productivity and selectivity are obtained. Frequently, however, 
filtration difficulties arise with this technique when the finished hydrogenated solution is to be conducted to 
the next process step, in that the filters are easily blocked by, for example, catalyst particles, or in that leakage 
of particles occurs. The filters employed are usually expensive and require great care. 

To avoid such filtration difficulties, the catalyst may be applied on a fixed bed, a so-called fixed bed hy- 
40 drogenation. In this manner, the f iltratibn difficulties are avoided, but the productivity and selectivity results 
will frequently be inferior to those obtained with suspended catalyst hydrogenation. The reason for this is an 
inferior contact between the three reacting phases because of an uneven flow distribution (so-called chan- 
neling) and a high pressure drop across^the bed. 

Oneway of improving thef ixed bed hydrogenation is to arrange the fixed bed in the form of similar, parallel 
45 channels, a so-called monolithic fixed bed (see EP patent specification 102,934). In this manner, the contact 
between the three phases will be improved, the flow distribution will be more even, and the pressure drop 
lower. 

The present invention relates to an improvement of the monolithic fixed bed hydrogenation where the hy- 
drogen gas is usually supplied to the liquid phase in the form of small bubbles, for example via a so-called 
so poral filter or an ejector. These bubbles are usually smaller than the channel diameter of the monolithic fixed 
bed, and the resulting flow type is called bubble flow; see Fig. 1a. 

Theoretical calculations have shown that a so-called Taylor flow, i.e. large bubbles across practically the 
entire channel diameter, so-called gas plugs separated by liquid phase (see Fig. 1b), give a better mass trans- 
portation to and from the catalyst surface. The reason for the excellent mass transportation is the short dif- 
55 fusion distance from the gas phase via the thin liquid film to the catalyst surface, and high turbulence within 
the liquid plugs between the gas plugs. 

Calculations show that the liquid plugs, in channels having a diameter of 1-3 mm, should have a length 
of some mm, maximally 1 0 mm, and that the gas plugs should have approximately the same length. For good 
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mass transportation, the velocity within the channels should be at least 0.15 m/sec. 

The difficult point so far has been to produce, in a convenient manner, a Taylor flow in larger reactors. A 
uniform supply of hydrogen gas bubbles of a diameter exceeding that of the channels is not readily established 

5 and, furthermore, may easily cause the bubbles to combine into an annular flow (see Fig. 1c) in which the 
liquid flows along the channel walls, while the centre of the channels is completely filled with gas. This type 
of flow results in a drastic reduction in productivity. In practical applications, it is quite impossible to establish 
an ideal Taylor flow according to a purely theoretical case, i.e. a flow which is entirely free of small bubbles 
and similar possible nonidealities, and therefore one must accept a so-called plug flow (see Fig. 1d) which is 

10 a flow where the liquid plugs surrounding the gas plugs contain small bubbles of the same type as in a bubble 
flow. 

In prior art hydrogenation of anthraquinone solution with a fixed bed catalyst, the liquid was supplied at 
the reactor bottom and the hydrogen gas supplied immediately below the fixed bed catalyst via some distrib- 
ution device, for example a poral filter, whereby a bubble flow is obtained. Fixed bed hydrogenation according 

15 to prior art technique is shown in Fig. 2. When trying to build such reactors in a larger scale, difficulties were 
encountered in obtaining a good distribution of hydrogen gas and liquid across the reactor cross-section, re- 
sulting in a lower catalyst activity and thus a lower productivity. When trying to change the flow configuration 
to larger bubbles, an alternate supply of gas and liquid by means of shuttle valves or reciprocating pumps may 
be employed, which is one way of establishing a plug flow, so far being used in research work only. However, 

20 it was found to be mechanically too complicated to adapt these supply techniques to large-scale applications 
in actual practice. 

The invention 

25 It has now surprisingly been found that an almost ideal plug flow is developed within the catalyst channels 

of the monolithic catalyst in a fixed bed hydrogenation reactor in the production of hydrogen peroxide if a care- 
fully adjusted amount of liquid is supplied from above to the catalyst channels, and if also hydrogen gas is 
supplied. If the amount of liquid supplied is less than the amount flowing off under the action of gravity, gas 
will be admixed automatically. The liquid will then flow downwardly through the channels under the action of 

30 gravity, and the surrounding gas is carried along in a favourable manner, such that gas plugs, i.e. gas bubbles 
of a diameter close to that of the catalyst channels, and liquid plugs of suitable length are formed. In these 
tests, a falling rate of about 0.4 m/sec in the channels was obtained, which is more than enough for good mass 
transportation. The length of the liquid plugs and the gas plugs amounts to some mm. The fixed bed hydro- 
genation according to the invention is shown in Fig. 3. 

35 The invention thus relates to a process in the production of hydrogen peroxide according to the anthra- 
quinone process. The characteristic features of the invention are stated in the appended claims and i mply that 
the anthraquinone-containing working solution, during hydrogenation at a temperature below 100°C and a 
pressure below 1.5 MPa, is supplied at the upper end of a vertical monolithic fixed bed reactor and uniformly 
distributed across the surface of the catalyst bed, hydrogen gas or hydrogen gas-containing gas being supplied 

40 simultaneously at the upper end of the reactor, and the flow of the working solution being adjusted such that 
gas bubbles are formed having a diam v eter close to the diameter of the catalyst channels so that gas plugs 
and liquid plugs alternate in flowing downwardly through the channels. 

It was found suitable to supply the liquid via a perforated plate having a suitable hole area and hole spacing, 
such that the liquid will be sprayed uniformly across the entire catalyst bed. The hydrogen gas is preferably 

45 supplied between the perforated plate and the catalyst bed. 

As shown in Fig. 3, unreacted hydrogen gas at the reactor bottom can be recycled to the upper part of 
the reactor via an external or internal connection. If the dynamic pressure drop in the return pipe is negligible, 
the total pressure within the reactor is constant because the dynamic pressure drop during downward flow is 
exactly balanced by the increasing static pressure. A constant pressure in the entire reactor is extremely ad- 

so vantageous because the reaction velocity increases with the increase in pressure, but if the pressure becomes 
too high, secondary reactions will rise to an unacceptable level. Since the pressure is constant, it can be set 
at a suitable level, such that the reaction velocity will be high throughout the reactor, but without inconvenient 
secondary reactions in any part of the reactor. 

If the pressure drop in the return pipe is low, the falling rate is about 0.4 m/sec for liquid loads of from 0.4 

55 m 3 liquid/m 2 sec. (i.e. 100% liquid and 0% gas) down to about 0.1 m 3 liquid/m^sec. (i.e. 25% liquid and 75% 
gas). If the liquid load is further reduced, the falling rate will decrease because the plug flow then becomes 
an annular flow. At the same time, the productivity is drastically reduced. 

A suitable flow velocity is 0.4 m/sec, but if desired the velocity can be further reduced by throttling the 
hydrogen gas return pipe. A higher velocity is obtainable by pumping the gas from the bottom to the top, for 
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example by means of a compressor or an ejector 

Owing to the fact that the hydrogen gas proportion can be maintained high throughout the reactor, there 
is no decrease in productivity when the reactor is run without exhaust gas flow, which is a vast improvement 
5 on prior art technique. The consumption of hydrogen gas will be very close to the one theoretically possible. 

At the same time, the high proportion of hydrogen gas means a low proportion of working solution within 
the reactor, which also is an improvement on prior art technique since the amount of the relatively expensive 
working solution can be reduced. 

Finally, the high gas proportion implies that the pumping power required for circulating the liquid can be 
10 reduced compared with the bubble flow technique since the falling rate is maintained in spite of a liquid flow 
as low as 0.1 m 3 /m 2 *sec. 

Afurther significant advantage of the invention is that the high productivity of small-size reactors is main- 
tained also in large-size reactors, which has so far not been possible because, with bubble flow technique, 
the distribution of gas and liquid became poorer in large reactors. 
15 Inthe accompanying drawings comprising Figs. 1-3, Fig. 1 illustrates the four different flow types referred 

to above, viz. bubble flow (Fig. 1a) ( Taylor flow (Fig. 1b), annular flow (Fig. 1c), and plug flow (Fig. 1d). 

Fig. 2 illustrates a fixed bed hydrogenation according to prior art technique, and Fig. 3 a fixed bed hydro- 
genation according to the invention. A reactor 1 is shown which contains a fixed bed catalyst 2. Fig. 2 shows 
a distributing filter 3 and Fig. 3 a perforated plate 4. The hydrogen gas pipes are marked H 2 , and the pipes 
20 conducting anthraquinone working solution are marked A for input solution and A(hydr.) for output solution. 

The invention will now be described in more detail with reference to the following Examples which merely 
serve to illustrate, not to restrict the invention. 

Example 1 

25 

This Example shows the flow configuration in a channel of the fixed bed when gas and liquid are supplied 
in accordance with the invention. 

Use was made of a simple test unit comprising a vertical glass tube, a burette containing anthraquinone 
working solution at the upper end of the glass tube, and a glass measure for flow determination at the lower 
30 end of the glass tube; The height of the glass tube, 200 mm, is the same as the height of real catalyst bed, 
and the diameter, 1 .5 mm, corresponds to the channel of a real catalyst bed. The glass tube has an inner coat- 
ing of silica to provide the same coefficient of friction as a real catalyst bed. The tests are conducted with a 
conventional anthraquinone working solution and air at room temperature. The results obtained are shown in 
the Table below. 

35 


40 


45 


50 


55 
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TABLE I 



Down- 

Gas 



5 

stream 

pro- 

Plow 



liquid 

por- 

velo- 


10 

flow 

tion 

city 

Plow type 


(m 3 /m 2, s) 

(%) 

(m/s) 


15 

0.43 

0 

0.43 

Pure liquid flow (1 phase) 


0.35 

20 

0.44 

Incipient plug flow 


0.33 

38 

0.53 

Plug flow 


0.24 

43 

0.42 

Plug flow 

20 

0.19 

45 

0.42 

Plug flow 


0.09 

75 

0.36 

Abating plug flow 





(partial annular flow) 

25 

0*04 

85 

0.27 

Annular flow (gas flow pro- 





portion estimated visually) 


Table I shows that, at a liquid load of less than 0.1 nrWm^sec, the plug flow becomes unstable and may 
30 turn into an annular flow. 

Example 2 

This Example shows that the productivity in a reactor having a catalyst volume of 50 1 was improved when 
35 running was changed from upstream bubble flow to downstream plug flow. 

An anthraquinone-containing working solution was introduced into a vertical reactor, on the one hand in 
accordance with the invention and, on the other hand, in accordance with prior art technique. The reactor con- 
tained a monolithic fixed bed catalyst of the above volume, a channel diameter of 1 .5 mm, and a channel length 
of 200 mm. In both cases, hydrogen gas was introduced. With bubble flow operation, different pressures pre- 
40 vail at the bottom and the top of the reactor, the Table showing the mean pressure. With plug flow operation, 
the pressure is the same throughout the reactor. The measured productivity is given in kg hydrogen peroxide 
per m 3 catalyst bed and hour. The results, obtained are shown in the Table below. 
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10 


15 


Flow Pressure 


type 

Up- 
stream 
bubble 
flow 
Down- 
stream 
plug 
flow 


(mean) 
(kPa) 


TABLE II 
Temp. Liquid 
flow 

(°C) (m 3 /m 2# s) 


400 


52 0.15-0-20 


400 


52 0.15-0.20 


Produc- 
tivity 
(kg/m 3 'h) 


Duration 
of test 
(days) 


100 


10 


133 


10 


20 


25 


30 


The results obtained show a far higher productivity for plug flow according to the invention. 
Example 3 

This Example shows that bubble flow operation according to prior art technique in a reactor having a cat- 
alyst volume of 1 000 1 gives a far lower productivity than in the smaller reactor according to Example 2 having 
a catalyst volume of 50 1. 

The Example also shows that, if the reactors are designed in accordance with the invention, the produc- 
tivity in the large reactor is only slightly reduced as compared with the high productivity in the small reactor. 

The tests with the small reactor were carried out in accordance with Example 2. The tests with the larger 
reactor were conducted in analogous manner in a reactor adjusted to the larger catalyst volume, and also this 
catalyst had a channel diameter of 1 .5 mm and a channel length of 200 mm and a far larger bed area. 

The results obtained are shown in the Table below. 
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10 


15 


20 


25 


30 


35 


Flow 

t yp e 


Pressure 
(mean) 
(kPa) 


Up- 
stream 
bubble 
flow 
(50 1) 
Up- 
stream 
bubble 
flow 
(1000 1) 
Down- 
stream 
plug 
flow 
(50 1) 
Down- 
stream 
plug 
flow 
(1000 1) 


400 


400 


400 


400 


TABLE III 
Temp. Liquid 
flow 

(°C) (m 3 /m 2 -s) 


52 


52 


52 


52 


0.16 


0.16 


0.16 


0.16 


Produc- 
tivity 
(kg/m 3 -h) 


100 


64 


133 


124 


Duration 
of test 
(days) 


10 


30 


10 


30 


40 The results show that upscaling of a bubble flow reactor gives a significantly lower productivity, whereas 

the productivity of a plug flow reactor according to the invention, which is more favourable already on a reduced 
scale, is only slightly reduced upon upscaling. 


45 Claims 


1. A process in the production of hydrogen peroxide according to the anthraquinone process by alternate 
reduction and oxidation of a working solution of alkylated anthraquinones, the hydrogenation of said 
working solution being conducted continuously with hydrogen gas or hydrogen gas-containing gas in a 

so vertical monolithic fixed bed reactor having parallel channels at a temperature below 100°C and a pres- 

sure below 1.5 MPa, said working solution being supplied at the upper end of the reactor and uniformly 
distributed across the surface of the catalyst bed, while simultaneously introducing hydrogen gas or hy- 
drogen gas-containing gas at the upper end of the reactor, characterised in that the flow of said working 
solution through the catalyst bed is adjusted such that the liquid flow is lower than the falling rate of the 

55 Hquid through the bed, whereby gas bubbles are formed which have a diameter close to the diameter of 

the catalyst channels, and whereby such gas plugs and corresponding liquid plugs alternately and auto- 
matically flow downwards through said channels and a so-called plug flow is obtained. 


2. A process as claimed in claim 1, characterised in that the working solution is uniformly distributed across 


7 


EP 0 384 905 B1 


the catalyst bed by means of a perforated plate. 

3. A process as claimed in claims 1 and 2, characterised in that the hydrogen gas is supplied to the reactor 
5 between the perforated plate and the upper end of the catalyst bed. 

4. A process as claimed in claims 1-3, characterised in that the flow velocity of the working solution is 0.1- 
0.4 m 3 /m 2 s. 

5. A process as claimed in claim 1, characterised in that unreacted hydrogen gas from the lower part of 
the reactor is recycled to the upper part thereof via an external or internal connection. 

6. A process as claimed in claim 5, characterised in that the flow velocity of the working solution is reduced 
by throttling the recycled gas flow in the return pipe. 

15 7. A process as claimed in claim 5, characterised in that the flow velocity of the working solution is in- 
creased by pumping the gas back in the return pipe, for example by means of a compressor, a fan or an 
ejector. 


20 Patentanspruche 

1. Verfahren zur Herstellung von Wasserstoffperoxid nach dem Anthrachinonverfahren durch alternierende 
Reduktion und Oxidation einer Arbeitsldsung aus alkylierten Anthrachinonen, wobei die Hydrierung die- 
ser Arbeitsldsung kontinuierlich mit Wasserstoffgas oder Wasserstoffgas enthaltendem Gas in einem 

25 vertikalen monolitischen Festbettreaktor mit parallelen Kanalen bei einer Temperatur unter 100°C und 

einem Druck unter 1 ,5 MPa ausgef uhrt wird und die Arbeitsldsung am oberen Ende des Reaktors zuge- 
fuhrt und gieichmaftig Gber die Oberflache des Katalysatorbetts verteilt wird, wahrend gleichzeitig Was- 
serstoffgas oder Wasserstoffgas enthaltendes Gas am oberen Ende des Reaktors eingeleitet wird, da- 
durch gekennzeichnet, dak der Fluft der Arbeitsldsung durch das Katalysatorbett derart eingestellt wird, 

30 dad der Flussigkeitsstrom niedriger als die Fallgeschwindigkeit der Flussigkeit durch das Bett ist, wobei 

Gasblasen entstehen, die einen Durchmesser nahe dem Durchmesser der Katalysatorkanale aufweisen, 
und wodurch Gaspf ropfen und entsprechende Flussigkeitspf ropfen abwechselnd und automatisch durch 
die Kanale a b warts strdmen und eine sogenannte Pfropfenstrdmung erhalten wird. 

35 2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daft die Arbeitsldsung durch eine perforierte Platte 
gieichmaftig tiber das Katalysatorbett verteilt wird. 

3. Verfahren nach den Anspruchen 1 und 2, dadurch gekennzeichnet dad das Wasserstoffgas in den Re- 
aktor zwischen der perforierten Platte und dem oberen Ende des Katalysatorbetts eingeleitet wird. 

40 

4. Verfahren nach den Anspruchen 1 bis 3, dadurch gekennzeichnet, daft die Flieftgeschwindigkeit der Ar- 
beitsldsung 0,1 bis 0,4 m 3 /m 2 s betragt. 

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daft das nicht umgesetzte Wasserstoffgas aus 
dem unteren Teil des Reaktors in dessen oberen Teil durch eine extern e oder interne Verbindung ruck- 
gef uhrt wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daft die Flieftgeschwindigkeit der Arbeitsldsung 
durch Drosseln des ruckgef uhrten Gasstroms in der Ruckleitung verringert wird. 

50 7. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daft die Flieftgeschwindigkeit der Arbeitsldsung 
durch Zuruckpumpen des Gases in der Ruckleitung, beispielsweise durch einen Kompressor, Ventilator 
oder ein Saugstrahlgeblase, erhdht wird. 


55 Revendications 

1. Procede lie a la production de peroxyde d'hydrogene selon le procede a I'anthraquinone, par reduction 
etoxydation alternees d'une solution de travail d'anthraquinones alkylees, I'hydrogenation de ladite so- 
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lution de travail 6tant realisee d'une maniere continue avec de I'hydrogene gazeux ou un gaz renfermant 
de I'hydrogene gazeux, dans un reacteur a lit fixe monolithique vertical, presentant des canaux paralleles, 
a une temperature inferieure a 100°C et sous une pression inferieure a 1,5 MPa, ladite solution de travail 

5 etant introduite a la partie superieure du reacteur et etant repartie uniformement sur la surface du lit de 

catalyseur, et de I'hydrogene gazeux ou un gaz contenant de I'hydrogene gazeux etant introduit simulta- 
nement a la partie superieure du reacteur, caracterise en ce que recoupment de ladite solution de travail 
a travers le lit de catalyseur est regie de telle maniere que I'ecoulementdu liquide soit inferieura la vitesse 
de chute du liquide a travers le lit, ce qui provoque la formation de bulles de gaz ayantun diametre proche 

10 du diametre des canaux du catalyseur, et I'ecoulement vers le bas a travers lesdits canaux, alternative- 

ment et automatiquement, de tels bouchons de gaz et de bouchons de liquide correspondants, et I'ob- 
tention d'un ecoulement dit ecoulement bouchon. 

2. Procede selon la revendication 1 , caracterise en ce que la solution de travail est uniformement repartie 
15 sur le lit de catalyseur au moyen d'une plaque p erf ore e. 

3. Procede selon les revendications 1 et 2, caracterise en ce que I'hydrogene gazeux est introduit dans le 
reacteur entre la plaque perforee et I'extremite superieure du lit de catalyseur. 

2o 4. Procede selon les revendications 1 a 3, caracteris6 en ce que la vitesse d'ecoulement de la solution de 
travail est de 0,1 a 0,4 m 3 /m 2 .s. 

5. Procede selon la revendication 1 , caracteris6 en ce que I'hydrogene gazeux n'ayant pas reagi, provenant 
de la partie inferieure du reacteur, est recycle a la partie superieure du reacteur par une conduite externe 
ou interne. 

25 

6. Procede selon la revendication 5, caracterise en ce que la vitesse d'ecoulement de la solution de travail 
est diminuee par I'etranglement du courant de gaz recycle dans la conduite de retour. 

7. Procede selon la revendication 5, caracterise en ce que Ton augmente la vitesse d'ecoulement de la so- 
30 lution de travail en envoyant le gaz dans la conduite de retour par pompage, par exemple au moyen d'un 

compresseur, d'un vent i late ur ou d'un ejecteur. 


35 


40 


45 


50 


55 


9 


10 


EP 0 384 905 B1 


A(hydr) 




A(hydr) 
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